Introduction
Adiabatic shear bands are narrow zones of shear localisation that have been observed in metals. The bands generally result from loadings that occur at high strain rates and involve high local strains and high temperatures. Adiabatic shear bands are usually very narrow, of the order of 100 J.lm in width. Shear localisation along these bands is caused by the de stabilising influence of the temperature increase on the plastic flow. Under normal circumstances, metals harden as the strain and strain rate increase and the flow stress decreases with increasing temperature. Thus, it is possible for the thermal softening effect to more than compensate for the hardening effects of the strain and strain rate causing the strain to localise eventually in one or more bands of intense shear.
Adiabatic shear bands are classified as either deformed or transformed bands. 1 , 2 In deformed bands, local shear strains of up to 100 have been calculated across bands having widths as small as 10 )lm. In aluminium alloys, for example, the grain boundaries and precipitates can be used as markers to indicate the large geometry changes. 3 Transformed bands have been observed in many steels, but can occur in any alloy system in which a martensitic transformation is possible. 1 ,4 In carbon steel, because the temperature increase is so large within the shear band, the material there undergoes the ferrite-austenite phase transformation. This band material is then quenched by the surrounding bulk material to form martensite. This martensite appears white when etched with nital. Characteristic white etching bands were reported many years ago by Zener and Hollomon 5 in their punching tests. Work by Rogers and Shastry6 on shear banding in steel has shown that initially the bands that form are deformed bands and narrower transformation bands nucleate and grow within them. This type of behaviour has been confirmed by Timothy. 7 The general subject of adiabatic shear bands has been reviewed recently by Bedford et ai.,s Dodd and Bai, 9 and Shockey.10 The modern perturbation analyses applied to adiabatic shear banding have also been briefly reviewed. 9 From perturbation analysis reported by Bai,11,12 Dodd and Bai 13 derived an expression for the shear band width in the one dimensional shear problem. In the present paper, this theoretical approach is extended to an estimation of the shear band widths in multidimensional stress states. 
One dimensional perturbation analysis
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where x2 =~2~0(1) and or Except in special cases, such as simple shear, shear bands are not formed in one dimension. An obvious example of shear banding in more complex stress states is plane strain compression which can be regarded as a pure shear with a superimposed hydrostatic pressure. There is direct experimental evidence that a superimposed hydrostatic pressure does not affect the formation of shear bands, but only the later stages which involve the formation of microcracks and/or micro voids within the bands. 23 Thus, it may well be that hydrostatic pressure does not influence the shear band widths formed. Backman et al. 24 have carried out two series of impact experiments in which steel spheres were shot against aluminium target plates with a scaling factor of 3 on all dimensions. They found that the size effect made little or no difference to shear band widths.
For multidimensional banding, the momentum and energy equations become Now, the effect of a variation in temperature~T in relation to one shear band is investigated. If one shear band is considered, width «I, then the energy equation becomes by Hartley et al. 22 have confirmed agreement between their experiments and equation (7) 
It has been found that the late stage of shear band formation is heat diffusion dominated unlike the inertia dominated initial stages.25,26 Also, once the band· has formed, the overall deformation will reduce to a plane strain stress state. These assumptions lead to the following two dimensional energy equation and oy oT 02T
where K is usually taken to be about 0·9 (see Refs. 15, 16 ).
In the above equations, the y axis is taken to be normal to the shear band length. Considering disturbances of the form
it is possible to derive the following spectral equation (see Refs. 11-13 for further details)
For all possible disturbances, 0 < k < 00 and a > 0 if Q > 0 provided that
This is the condition under which the disturbance would develop with increasing time.
As shear bands eventually take on a characteristic width with increasing time, from the conservation of energy equation as t -+ 00 an estimation of the width can be obtained 
For simplicity, K is taken to be equal to unity here and subsequently, at high strain rates, the material viscosity may be important. Then, y*= 1'*/11 and therefore equation From this equation, it can be concluded that the adiabatic shear band width should be a material characteristic dependent on the physical and mechanical properties of the material. Dodd and Bai 13 and Kobayashi 17 have compared experiments of various workers with this simplified theory and have found good agreement between theory and experiment, as shown in Table 1 . Backman and Finnegan 21 found that the band width depended more on the material than on the loading conditions. They found, for example, that there was little variation in shear band width for impact velocities between 0·5 and 3·2 km S-l. Most recently, direct measurements of temperature using infrared detectors and shear band widths his assumption requires that the time at which the normal strains parallel and perpendicular to the band are developed must be greater than the diffusion time across the band width. This is obviously satisfied for adiabatic shearing. Thus, the conclusion is that the width of an adiabatic shear band formed under a combined stress state is mainly dominated by the one dimensional equation for simple shear after considering the plastic work rate resulting from the combined stress state. Alternatively, the shear band width can be considered to be primarily dependent upon the strain rate and thermal properties and to a lesser extent on the constitutive equation. The generalised formulae may be written as The apparent independence of shear· band width is supported by both the impact erosion work carried out by Timothy,4,7 in which little variation in band width was observed in titanium, and the work of Backman et al. 24 on scaling.
Conclusion
An equation for the half width of an adiabatic shear band formed under combined stresses has been proposed. It is found that the shear band width is dependent on the thermal properties of the material and the rate of dissipated plastic work, but is independent of the details of the combined stress state. This is in accordance with a number of separate experimental observations.
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